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Available online 17 November 2015AbstractSchistosomiasis is one of the major tropical and sub-tropical diseases caused by trematodal parasite of genus Schistosoma. This neglected
disease affects 200 million people, resulting in the loss of 1.53 million disability-adjusted life years (DALY). The disease presents in wide
spectrum including both acute and chronic forms, affecting multiple target organs. The schistosomal infection is mainly diagnosed by
demonstrating evidence of infestation by parasitological, serological or molecular methods using samples such as stool, urine, blood or other
body fluids and tissue specimens. However, these test methods have their own limitations in evaluating severity of morbidity. The role of
diagnostic imaging modalities such as ultrasonography, CT scan and MR scan is crucial not only to diagnose the disease but also to evaluate the
severity of the disease process and its complications in target organs. The clinical and imaging features of the disease can mimic other infectious
as well as noninfectious disease. Thus, it is essential to be familiar for radiologists and physicians with the imaging features of schistosomiasis,
so as to make accurate and timely diagnosis and thereby, reducing the morbidity and mortality of this disease. Ultrasound is considered as
primary modality of choice as it is able to pick characteristic hepatosplenic and urinary lesions. Typical ultrasonographic findings of hep-
atosplenic schistosomiasis include periportal fibrosis, hypertrophy of the left liver lobe, atrophy of right liver lobe, splenomegaly, and ascites. CT
and MR scan are valuable not only for hepatosplenic and urogenital schistosomiasis, but also for secondary and ectopic lesions such as those in
CNS and lungs, which are difficult to be assessed by ultrasonography. Periportal fibrosis, map-like calcification of liver parenchyma, nodular
enhancement of the cerebral mass are some typical imaging findings of schistosomiasis.
© 2015 Beijing You’an Hospital affiliated to Capital Medical University. Production and hosting by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Schistosomiasis is a common tropical infectious disease
distributed mainly across Africa, Asia and South America.
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Schistosoma haematobium, Schistosoma mekongi, and Schis-
tosoma intercalatum. Among them, Schistosoma mansoni,
Schistosoma japonicum, Schistosoma haematobium are the
major disease causing parasites in human globally. This
neglected disease affects 200 million people, resulting in the
loss of 1.53 million disability-adjusted life years (DALY) [3].
Familiarity with the imaging features is essential for prompt-
ing and confident diagnosis of schistosomiasis and evaluating
the severity of mobidity. In this review, we describe imaging
features of different forms of diseases in various target organs
on the background of pathogenesis.
2. Life cycle and pathogenesis
All human schistosomes undergo similar lifecycle [1,4].
The parasite has separate sexes. The longer and thinner female
worm resides in the gynecophoric channel of male. Human is
the primary host where sexual cycle occurs, and the fresh
water snail is the intermediate host where asexual cycle takes
place. Only certain species of snails belonging to genus Bio-
mphalaria (S. mansoni), Bulinus (S. haematobium) or Onco-
melania (S. japonicum) can transmit the schistosome species
[5]. The female produce numerous eggs, each egg contains a
miracidium larva. The miracidium larva is ciliated and se-
cretes proteolytic enzymes which help the eggs to migrate to
intestine or urinary bladder. The eggs are excreted via feces or
urine. When in contact with water, each egg releases a mira-
cidium larva. The miracidium swims with the help of cilia and
finds a freshwater snail, the intermediate host, and penetrates it
developing asexually in to secondary larvae, called cercaria.
These cercarial larvae are shed in hundreds from the snail,
under stimulation of light. The cercarial larvae has large head
with embryonic feature of adult worm and has bifurcated tail.
These larvae whirl around in water and penetrate the dermis of
the human skin when comes in to contact. During penetration
into the human skin, they shed off their tail and migrate via
bloodstream to the heart, then to the lungs, the liver and the
portal vein where they mature in weeks. The adult worms mate
and finally migrate upstream to their final destination of
mesenteric veins where the cycle starts all over again.
3. Spectrum of clinical morbidity3.1. Acute schistosomiasisSwimmers itch occurs as the cercarial larvae penetrate the
human skin. It manifests as local urticarial reaction usually
lasting for few hours. However, this reaction may prolong for
days resulting in maculopapular eruptions in skin. Broncho-
pneumonia occurs due to bronchial hypersensitivity to schis-
tosomulae migrating through pulmonary capillaries [8]. This
presents with pulmonary infiltrates on radiography. A few
weeks (1e4 weeks) after the skin penetration, the developing
schistosomula causes delayed systemic hypersensitivity reac-
tion, manifested by features of serum sickness like syndrome
i.e. fever, malaise, fatigue, headache, chills, non-productivecough, and abdominal cramping. This acute form of schisto-
somiasis is also known as Katayama syndrome. This syndrome
coincides with the stage of worm maturity and can rapidly
progress to hepatic fibrosis, portal hypertension and spleno-
megaly [1,6].3.2. Chronic schistosomiasisThe eggs deposited in the target organ provoke granulo-
matous reaction. This results to deposition of the fibrotic
materials causing significant pathological changes in the
affected organs. This is the chronic form of disease. Schisto-
soma haematobium preferably infects urinary bladder whereas
Schistosoma mansoni, Schistosoma mansoni, Schistosoma
intercalatum and Schistosoma mekongi infect the distal colon
and the rectum. These are the sites via which the parasite can
expel its ova to the external environment and thus are the
primary targets. The secondary targets, upper urinary tract and
liver, are involved as a result of spill overdue to various
mechanisms like obstruction or reflux at vesico-ureteric
junction and drifting of ova through portal vein stream. The
lung is also a secondary target as ova find their way to pul-
monary circulation via normal portosystemic anastomoses.
Occasionally, ova infect the ectopic target organs like brain,
spinal cord, genitals, eyes, skin, through their respective
venous anastomoses with inferior vena cava.3.2.1. Urinary schistosomiasis
Schistosoma haematobium infects the lower urinary tract
i.e. lower ureters, urinary bladder, seminal vesicles and oc-
casionally vas deferens, prostate and female genital organs.
The eggs which get trapped in the wall of urinary bladder
provoke granulomatous inflammation resulting in the forma-
tion of nodules, tubercles, micro or macro polyps or masses
which often undergo ulceration, fibrosis and calcification. The
disease commonly affects children in endemic areas. They
typically present with microscopic or frank hematuria and
frequent painful micturition. Secondary bacterial infection and
stones can exacerbate these symptoms [1,3]. The disease may
affect the general well-being resulting in reduced productivity
and school performance of children [7]. In adults, hematuria
disappears and the disease evolves into fibrosis, calcification,
hydroureter, hydronephrosis and eventually renal failure.
Chronic urinary schistosomiasis is also associated with squa-
mous cell carcinoma of urinary bladder [8].3.2.2. Intestinal schistosomiasis
Large bowel and rectum are mainly infected by Schisto-
soma mansoni or S japonicum. The eggs of parasite get trap-
ped in the wall of mesentery and provoke the granulomatous
inflammatory reaction causing micr-ulceration, pseudopolyps
and bleeding. The disease may remain asymptomatic or pre-
sent with non-specific symptoms of abdominal pain, anorexia,
diarrhea or dysentery. However, this chronic condition can
have significant impact on general health among children [7].
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The granulomatous inflammatory reaction around
entrapped eggs in the liver results in fibrotic changes. This
leads to periportal aggregation of long streaks of fibrosis
which eventually occludes the portal vein leading to portal
hypertension, splenomegaly, porto-caval shunting, and
external or gastrointestinal varices. The liver, typically the
left lobe, enlarges and becomes discrete, hard and nodular
whereas the right lobe atrophies. Organomegaly strongly
correlates with the intensity of infection. Later in the
course of disease, the lesions turn irreversible due to
massive fibrosis. Ascites, gastrointestinal variceal bleeding,
severe anemia and hypoalbuminemia may develop at this
stage.
3.2.4. Ectopic schistosomiasis
In advanced disease stage, eggs are transported to various
ectopic sites ending up with disease conditions according to
the site involved. Eggs, when transported to lungs in advanced
hepatic schistosomiasis through portal-caval shunting, results
in granuloma formation and fibrosis eventually leading into
pulmonary hypertension and right heart failure [5,9,10].
Chronic, untreated infection of Schistosoma mansoni may
cause immune complex mediated glomerulonephritis [11].
Genital and reproductive tract, when infected with eggs of
Schistosoma hematobium, may suffer from hypertrophic,
granulomatous or ulcerative lesions that can cause male or
female infertility or may facilitate the transmission of sexually
transmitted infections including HIV [12e15]. Devastating
neurological damage can result when the eggs or parasite
specially Schistosoma mansoni, Schistosoma hematobium or
Schistosoma japonicum get transported to the brain or spinal
cord [16e19]. Neuroschistosomiasis is the most common and
serious ectopic infection which can affect both brain and
spinal cord to provoke profound disability. The cerebral neu-
roschistosomiasis presents with altered sensorium, headache,
seizures, focal neurological deficit, and spinal symptoms
including lumbar pain, radiculopathy, muscle weakness, loss
of sensation, and sphincter dysfunction [20]. Spinal cord
infection may presents with flaccid paraplegia with sensory
level and bladder dysfunction, owing to transverse myelitis
[16,20].Fig. 1. Hepatosplenicschistosomiasis. A and B ultrasound images of liver showi
somiasis. C shows enlarged spleen with dilated spenic vein in same patient (straig4. Diagnosis4.1. Modalities other than diagnostic imagingSchistosomal infections are diagnosed mainly by parasito-
logical, serological or molecular methods. The gold standard
diagnostic tool is detection and demonstration of eggs in stool
or urine [21,22]. However, if eggs are not detected in stool and
urine, the tissue biopsy specimens of bladder and rectal mu-
cosa may be used [23]. Antibody-based serological assays can
also be used in body fluids including blood serum and CSF to
detect antibodies which remain positive for long time after
active infection has resolved [24,25]. The infection can also be
confirmed with molecular detection of schistosomal DNA by
PCR in sera of infected patients [26,27]. The severity of dis-
ease process in target organs and the resulting complications
are difficult to assess by these diagnostic tools. A study
concluded that clinical signs and symptoms were not found to
be specific and reliable in order to evaluate the severity of
schistosomiasis [28]. The target organ damage can be poten-
tially life threatening. So the detection of serious complica-
tions is vital to the management of schistosomiasis. Thus the
importance of diagnostic imaging modalities such as ultraso-
nography, CT scan and MR scan have their own vital role in
diagnosing and assessing the severity of target organ pathol-
ogy [28].4.2. Diagnostic imaging modalities
4.2.1. Ultrasonography
Ultrasonography is a major imaging tool in the diagnosis of
schistosomiasis [29]. Its ability to provide direct information
about lesions in target organs, their pattern and regression after
treatment makes it a valuable imaging modality [30]. Most
importantly, it is inexpensive, non-invasive, radiation-free and
portable. The B-mode grayscale ultrasonography demonstrates
typical schistosomal lesions in the hepatic parenchyma. Peri-
portal fibrosis, characteristic of Schistosoma mansoni infec-
tion, appears as an echogenic pipestem fibrosis (Fig. 1A).
Ultrasonography along the long axis of intrahepatic portal vein
demonstrates hyperechoic tubular shadows with anechoic
lumen radiating from the porta hepatis [31e33] (Fig. 1A andng typicalperiportalfibrosis (curved arrow): as an evidence of hepatic shisto-
ht arrow).
Table 1
Hepatic fibrosis by Niamey image pattern score [38] [note: pattern X, Y, Z are
not known to be related to Schistosomiasis].
Pattern Description
A Normal
B Starry sky of diffuse echogenic foci
C Pipe-stems and ring echoes around vessels
D Echogenic ruff around portal bifurcation
E Hyperechoic patches expanding into parenchyma
F Bird's claw expanding from main portal vein and its
bifurcation to liver surface
X Cirrhosis
Y Fatty liver
Z Other abnormalities
Fig. 2. Hepatic schistosomiasis. Non contrast enhanced CT image demon-
strating typical geographical or map-like calcification in liver marked by
arrows.
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[32]. Ultrasound grading of periportal fibrosis (grade
I ¼ 3e5 mm, grade II ¼ greater than 5e7 mm, and grade
III ¼ greater than 7 mm) correlate with the severity of disease
[34]. Richter et al. categorized hepatic fibrosis by Niamey
image pattern scores (Table 1) which can also be correlated
with the severity of disease morbidity [35]. Other ultrasono-
graphic findings suggestive of hepatosplenic schistosomiasisFig. 3. Intestinal schistosomiasis. Axial non contrast enhanced (A) and (B)CT ima
(arrows).are left liver lobe hypertrophy with right lobe atrophy, gall-
bladder wall thickening, granulomas, splenic nodules and
dilated portal venous system, splenomegaly, and dilated
collateral vessels [29,36]. Portal vein thrombosis is also
demonstrated in few cases [37].
Portal doppler ultrasound parameters show correlation with
the presence and severity of oesophageal varices, probability
of GI bleeding and the survival in patients with liver cirrhosis
[39e41]. Doppler sonography is valuable in assessing portal
vein patency for intrahepatic portosystemic shunt (TIPS)
required to manage complicated portal hypertension.
Until late stage kidney appears to be normal at ultraso-
nography. Pseudotubercles with wall thickness can be seen in
bladder and ureter, which overtime can be calcified as fine,
granular and linear or thick and irregular [42].
4.2.2. CT scan
CT findings in patients with chronic schistosomiasis in-
cludes target organ damage and peculiar calcification pattern
of eggs in the lesions [43]. CT scan clearly depicts liver
parenchymal changes such as left lobe enlargement and right
lobe atrophy. Periportal fibrosis is demonstrated as a thick
band of hypodense tissue surrounding portal vein branches
throughout the liver. The tissue band assumes either rounded
focus or linear branching pattern depending on cross-sectional
or longitudinal orientation. It enhances strongly with contrast,
correlating well with the typical ultrasonographic features
[32,44]. A concentric layer of periportal enhancement is more
specific indicator of hepatic schistosomiasis. A peculiar type
of septal calcification of eggs in Schistosoma japonica
resembling turtle shell also indicates the severity of hepatic
fibrosis [45]. This peculiar septal and capsular calcification
result in a geographic or map-like appearance on CT (Fig. 2)
[46,47]. Hepatocelluar carcinoma (HCC) is associated with
chronic hepatic schistosomiasis and most of the nodules
appear as masses of homogenous low density surrounded by
shell-like calcification [48,49]. CT evidence of septal
enhancement in broad fibrous septa is suggestive of hepatic
schistosomiasis japonica infection, particularly if there is no
evidence of calcification on non-contrast CT [50]. Otherges demonstrating intestinal and rectal wall calcifications of schistosomal eggs
Fig. 4. Hepatic schistosomiasis. Axial T1WI (A) and Axial T2WI FSE MRI (B)MR images show periportal fibrosis, shrinked right lobe, enlarged caudate lobe and
left lobe of liver.
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ascites, and dilated collateral vessels are well demonstrated on
CT scan. CT may demonstrate hypodensehepatic nodules in
some cases of Katayama Syndrome which may disappear after
anti-schistosomal drug treatment [51,52].Fig. 5. Cerebral Schistosomiasis. Axial T2WI (A), Axial T2 Flair (B), Axial T1 Fla
with multiple enhancing nodules in cluster and creating an arborizing pattern in th
leison is marked. Histopathological slide of biopsy specimen (E) confirmed cerebCT is superior to other imaging modalities in demonstrating
extent of calcification associated with urogenital schistoso-
miasis. CT also helps to estimate the extent and the nature of
ureteral stricture, distinguish punctate ureteral wall calcifica-
tion from intraluminal ureteral stones, and establish the pres-
ence of bladder tumors and stage them [53].ir (C) and post-Gd coronal T1WI (D) MR images demonstrate mass-like lesion
e cerebral white matter. Vasogenicedema, effacement of the sulci around the
ral schistosomiasis.
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asis lesions such as in CNS and lungs as compared to ultra-
sound. The CT image of the schistosomal granulomas due to
eggs show high density mass with associated low density
shadow of white matter edema [54]. Secondary hemorrhages
may be associated with the granulomatous lesions of cerebral
schistosomiasis [55]. Deposition of the schistosomal eggs on
submucosa and subserosa of the colon rather than on the
muscularis propria presents as curvilinear or tram-track cal-
cifications in the colon (Fig. 3A and B) [56]. On CT, colorectal
cancer associated with schistosomiasis usually appears as
irregular intestinal wall thickening, soft tissue masses, multi-
ple calcification of eggs inside tumor with obscured margin
[57]. Acute granulomatous pulmonary schistosomiasis may
present as multiple foci of widespread peribronchovascular
nodules with ground glass halos, inter-lobular septal and
interstitial thickenings on high resolution CT [10,58e60].
4.2.3. MR scan
Magnetic Resonance (MR) scan has capability of demon-
strating ectopic schistosomiasis such as spinal and cerebral
schistosomiasis. MR scan can easily depict the hepatosplenic
alterations in schistosomiasis such as heterogeneity of hepatic
parenchyma, presence of peripheral perihepatic vessels, peri-
portal fibrosis, splenomegaly, siderotic nodules and presence of
dilated venous collateral vessels [61]. Periportal zones in hepatic
schistosomiasis appear as isointense on T1WI, high signal bands
on T2WI, and shows intense post gadolinium contrast enhance-
ment (Fig. 4) [62].Hyperintense signal onT2WIMR imagesmay
be helpful at differentiating periportal fibrosis from inflamma-
tion. MR scan has advantage over ultrasonography at providing
precise information on gallbladder, periportal thickening and
abdominal venous system including portal vein [63,64].
Cerebral schistosomiasis on MR images appear as a mass
with multiple intensely enhancing nodules in cluster taking
‘Buddha's hand’ appearance or arborizing pattern, preferably
located in the cerebral white matter and basal ganglia (Fig. 5)
[62,65e67]. MR scan is helpful in diagnosing spinal schisto-
somiasis as it confirms the presence of lesion, characterized by
abnormal T1WI and T2WI signals with heterogeneous pattern
of enhancement and evaluate the presence or absence of spinal
cord compression [68,69].
5. Summary
Schistosomal infections are diagnosed mainly by parasito-
logical, serological or molecular methods. However these test
methods lack behind in assessing the severity of disease pro-
cess in the target organs and potential life threatening com-
plications. The role of imaging modalities such as
ultrasonography, CT scan, and MR scan is of immense
importance in diagnosing, assessing severity and complica-
tions of schistosomal infection.
Ultrasonography is of prime importance as it is inexpen-
sive real time modality, free of ionising radiation and is
better as compared to other imaging modalities in picking the
characteristic lesions of hepatosplenic and urinaryschistosomiasis. However, ultrasound is of limited value in
assessing ectopic sites such as cerebral, spinal, pulmonary
and colorectal ones. CT and MR scan are useful modalities
not only in demonstrating hepatosplenic or urogenital in-
fections but also ectopic ones like those in intestine, lungs
and brain. Occasionally, the imaging presentations may be
mistaken with other disease such as brain tumors in cerebral
schistosomiasis. Thus, it is essential for radiologist and
physicians to be familiar with the various clinical as well as
radiological features to diagnose and assess the severity of
this entity promptly and accurately, thereby reducing the
morbidity and mortality of this potentially life threatening
neglected disease.References
[1] Ross AG, Bartley PB, Sleigh AC, Olds GR, Li Y, Williams GM, et al.
Schistosomiasis N. Engl J Med 2002;346(16):1212e20.
[2] Olveda DU, Olveda RM, Lam AK, Chau TN, Li Y, Gisparil 2nd AD,
et al. Utility of diagnostic imaging in the diagnosis and management of
schistosomiasis. Clin Microbiol 2014;3(2).
[3] Gryseels B, Polman K, Clerinx J, Kestens L. Human schistosomiasis.
Lancet 2006;368(9541):1106e18.
[4] Olveda DU, Li Y, Olveda RM, Lam AK, McManus DP, Chau TN, et al.
Bilharzia in the Philippines: past, present, and future. Int J Infect Dis IJID
Off Publ Int Soc Infect Dis 2014;18:52e6.
[5] Doumenge JP, Mott KE. Global distribution of schistosomiasis: CEGET/
WHO atlas. World Health Stat Q Rapp Trimest stat Sanit Mond
1984;37(2):186e99.
[6] Ross AG, Vickers D, Olds GR, Shah SM, McManus DP. Katayama
syndrome. Lancet Infect Dis 2007;7(3):218e24.
[7] King CH, Dickman K, Tisch DJ. Reassessment of the cost of chronic
helmintic infection: a meta-analysis of disability-related outcomes in
endemic schistosomiasis. Lancet 2005;365(9470):1561e9.
[8] Michaud DS. Chronic inflammation and bladder cancer. Urol Oncol
2007;25(3):260e8.
[9] Schwartz E. Pulmonary schistosomiasis. Clin Chest Med
2002;23(2):433e43.
[10] Papamatheakis DG, Mocumbi AO, Kim NH, Mandel J. Schistosomiasis-
associated pulmonary hypertension. Pulm Circ 2014;4(4):596e611.
[11] Barsoum RS. Urinary schistosomiasis: review. J Adv Res
2013;4(5):453e9.
[12] Leutscher PD, Ramarokoto CE, Hoffmann S, Jensen JS, Ramaniraka V,
Randrianasolo B, et al. Coexistence of urogenital schistosomiasis and
sexually transmitted infection in women and men living in an area where
Schistosoma haematobium is endemic. Clin Infect Dis Off Publ Infect
Dis Soc Am 2008;47(6):775e82.
[13] Mbabazi PS, Andan O, Fitzgerald DW, Chitsulo L, Engels D, Downs JA.
Examining the relationship between urogenital schistosomiasis and HIV
infection. PLoS Neglected Trop Dis 2011;5(12):e1396.
[14] Nayama M, Garba A, Boulama-Jackou ML, Toure A, Idi N, Garba M,
et al. Uro-genital schistosomiasis with S. haematobium and infertility in
Niger. Prospective study of 109 cases. Le Mali Med 2007;22(3):15e21.
[15] Kini S, Dayoub N, Raja A, Pickering S, Thong J. Schistosomiasis-
induced male infertility. BMJ case Rep 2009;2009.
[16] Carod-Artal FJ. Neuroschistosomiasis. Expert Rev Anti Infect Ther
2010;8(11):1307e18.
[17] Vale TC, de Sousa-Pereira SR, Ribas JG, Lambertucci JR. Neuro-
schistosomiasis mansoni: literature review and guidelines. Neurologist
2012;18(6):333e42.
[18] Carvalho OA. Mansonic neuroschistosomiasis. Arq neuro-psiquiatria
2013;71(9B):714e6.
[19] Palin MS, Mathew R, Towns G. Spinal neuroschistosomiasis. Br J
Neurosurg 2015:1e3.
156 V.K. Sah et al. / Radiology of Infectious Diseases 2 (2015) 150e157[20] Ross AG, McManus DP, Farrar J, Hunstman RJ, Gray DJ, Li YS. Neu-
roschistosomiasis. J Neurol 2012;259(1):22e32.
[21] Rabello A. Diagnosing schistosomiasis. Memorias do Inst Oswaldo Cruz
1997;92(5):669e76.
[22] Gryseels B. Schistosomiasis. Infect Dis Clin of N. Am
2012;26(2):383e97.
[23] Gray DJ, Ross AG, Li YS, McManus DP. Diagnosis and management of
schistosomiasis. BMJ 2011;342:d2651.
[24] Tsang VC, Wilkins PP. Immunodiagnosis of schistosomiasis. Immunol
Investig 1997;26(1e2):175e88.
[25] Zhu YC. Immunodiagnosis and its role in schistosomiasis control in
China: a review. Acta Trop 2005;96(2e3):130e6.
[26] Sandoval N, Siles-Lucas M, Lopez Aban J, Perez-Arellano JL, Garate T,
Muro A. Schistosoma mansoni: a diagnostic approach to detect acute
schistosomiasis infection in a murine model by PCR. Exp Parasitol
2006;114(2):84e8.
[27] Imai K, Koibuchi T, Kumagai T, Maeda T, Osada Y, Ohta N, et al.
Cerebral schistosomiasis due to Schistosoma haematobium confirmed
by PCR analysis of brain specimen. J Clin Microbiol
2011;49(10):3703e6.
[28] Marinho CC, Voieta I, Azeredo LM, Nishi MP, Batista TS, Pereira AC,
et al. Clinical versus ultrasound examination in the evaluation of hep-
atosplenic schistosomiasis mansoni in endemic areas. Mem Inst Oswaldo
Cruz 2006;101(Suppl. 1):317e21.
[29] Cerri GG, Alves VA, Magalhaes A. Hepatosplenic schistosomiasis
mansoni: ultrasound manifestations. Radiology 1984;153(3):777e80.
[30] Hatz C, Jenkins JM, Meudt R, Abdel-Wahab MF, Tanner M. A review of
the literature on the use of ultrasonography in schistosomiasis with
special reference to its use in field studies. 1. Schistosoma haematobium.
Acta Trop 1992;51(1):1e14.
[31] Strickland GT, Abdel-Wahab MF. Abdominal ultrasonography for
assessing morbidity from schistosomiasis. 1. Community studies. Trans
R Soc Trop Med Hyg 1993;87(2):132e4.
[32] Fataar S, Bassiony H, Satyanath S, Vassileva J, Hanna RM. Characteristic
sonographic features of schistosomal periportal fibrosis. AJR Am J
Roentgenol 1984;143(1):69e71.
[33] Hussain S, Hawass ND, Zaidi AJ. Ultrasonographic diagnosis of schis-
tosomal periportal fibrosis. Journal of ultrasound in medicine. official J
Am Inst Ultrasound Med 1984;3(10):449e52.
[34] Abdel-Wahab MF, Esmat G, Farrag A, el-Boraey YA, Strickland GT.
Grading of hepatic schistosomiasis by the use of ultrasonography. Am J
Trop Med Hyg 1992;46(4):403e8.
[35] King CH, Magak P, Salam EA, Ouma JH, Kariuki HC, Blanton RE, et al.
Measuring morbidity in schistosomiasis mansoni: relationship between
image pattern, portal vein diameter and portal branch thickness in large-
scale surveys using new WHO coding guidelines for ultrasound in
schistosomiasis. Trop Med Int Health TM IH 2003;8(2):109e17.
[36] Maia MD, Lopes EP, Ferraz AA, Barros FM, Domingues AL, Ferraz EM.
Evaluation of splenomegaly in the hepatosplenic form of mansonic
schistosomiasis. Acta Trop 2007;101(3):183e6.
[37] Olveda DU, Olveda RM, Montes CJ, Chy D, Abellera 3rd JM,
Cuajunco D, et al. Clinical management of advanced schistosomiasis: a
case of portal vein thrombosis-induced splenomegaly requiring surgery.
BMJ case Rep 2014;2014.
[38] Richter J, Hatch C, Campagne G, Berquist N, Jenkins J. Ultrasound in
schistosomiasis: a practical guide to the standard use of ultrasonography
for assessment of schistosomiasis-related morbidity. Niamey, Niger:
WHO; 1996.
[39] Siringo S, Bolondi L, Gaiani S, Sofia S, Di Febo G, Zironi G, et al. The
relationship of endoscopy, portal Doppler ultrasound flowmetry, and
clinical and biochemical tests in cirrhosis. J Hepatol 1994;20(1):11e8.
[40] Chawla Y, Santa N, Dhiman RK, Dilawari JB. Portal hemodynamics by
duplex Doppler sonography in different grades of cirrhosis. Dig Dis Sci
1998;43(2):354e7.
[41] Zoli M, Iervese T, Merkel C, Bianchi G, Magalotti D, Marchesini G,
et al. Prognostic significance of portal hemodynamics in patients with
compensated cirrhosis. J Hepatol 1993;17(1):56e61.[42] Buchanan WM, Gelfand M. Calcification of the bladder in urinary
schistosomiasis. Trans R Soc Trop Med Hyg 1970;64(4):593e6.
[43] Shen X, Zhang W, Wang PJ. CT manifestation of abdomen and its pa-
thology of patients with chronic schistosomiasis. Zhongguo Xue Xi
Chong Bing Fang Zhi Za Zhi 2012;24(2):200e2.
[44] Fataar S, Bassiony H, Satyanath S, Rudwan MA, Khaffaji S, el
Magdy W, et al. CT of hepatic schistosomiasis mansoni. AJR Am J
Roentgenol 1985;145(1):63e6.
[45] Araki T, Hayakawa K, Okada J, Hayashi S, Uchiyama G, Yamada K.
Hepatic schistosomiasis japonica identified by CT. Radiology
1985;157(3):757e60.
[46] Gan ZQ. CT diagnosis of hepatic cirrhosis caused by schistosomiasis
japonica. Zhonghua fang she xue za zhi Chin J Radiol
1989;23(5):267e8.
[47] Hamada M, Ohta M, Yasuda Y, Fukae S, Fukushima M, Nakayama S,
et al. Hepatic calcification in schistosomiasis japonica. J Comput
Assisted Tomogr 1982;6(1):76e8.
[48] Fujimoto H, Araki T, Hihara T, Karikomi M, Kachi K, Saito Y, et al.
Hepatocellular carcinoma associated with schistosomiasis japonica; CT
and angiographic features. Nihon Igaku Hoshasen Gakkai zasshi Nippon
acta Radiol 1989;49(2):139e45.
[49] Kojiro M, Kakizoe S, Yano H, Tsumagari J, Kenmochi K, Nakashima T.
Hepatocellular carcinoma and schistosomiasis japonica. A clinicopath-
ologic study of 59 autopsy cases of hepatocellular carcinoma associated
with chronic schistosomiasis japonica. Acta Pathol jpn
1986;36(4):525e32.
[50] Monzawa S, Uchiyama G, Ohtomo K, Araki T. Schistosomiasis japonica
of the liver: contrast-enhanced CT findings in 113 patients. AJR Am J
Roentgenol 1993;161(2):323e7.
[51] Cesmeli E, Vogelaers D, Voet D, Duyck P, Peleman R, Kunnen M, et al.
Ultrasound and CT changes of liver parenchyma in acute schistosomi-
asis. Br J Radiol 1997;70(835):758e60.
[52] Passos MC, Silva LC, Ferrari TC, Faria LC. Ultrasound and CT findings
in hepatic and pancreatic parenchyma in acute schistosomiasis. Br J
Radiol 2009;82(979):e145e7.
[53] Jorulf H, Lindstedt E. Urogenital schistosomiasis: CT evaluation. Radi-
ology 1985;157(3):745e9.
[54] Mao SC, Ye XC, Liu JX, Zhang JW. CT brain scanning in the diagnosis
and localisation of cerebral schistosomiasis. Zhongguo ji sheng chong
xue yu ji sheng chong bing za zhi ¼ Chin J Parasitol Parasit Dis
1989;7(2):115e8.
[55] Preidler KW, Riepl T, Szolar D, Ranner G. Cerebral schistosomiasis: MR
and CT appearance. AJNR Am J Neuroradiol 1996;17(8):1598e600.
[56] Lee RC, Chiang JH, Chou YH, Rubesin SE, Wu HP, Jeng WC, et al.
Intestinal schistosomiasis japonica: CT-pathologic correlation. Radiology
1994;193(2):539e42.
[57] Zhang W, Wang PJ, Shen X, Wang GL, Zhao XH, Seema SF, et al. CT
presentations of colorectal cancer with chronic schistosomiasis: a
comparative study with pathological findings. Eur J Radiol
2012;81(8):e835e43.
[58] Soares Souza Jr A, Marchiori E, Maluf Cury P, Gasparetto EL,
Escuissato DL. Acute pulmonary schistosomiasis: correlation between
the high-resolution CT and pathological findings. Rev Port Pneumol
2007;13(5):741e4.
[59] Weber-Donat G, Donat N, Margery J. Acute pulmonary schistosomiasis:
computed tomography (CT) findings. Am J Trop Med Hyg
2010;82(3):364.
[60] Waldman AD, Day JH, Shaw P, Bryceson AD. Subacute pulmonary
granulomatous schistosomiasis: high resolution CT appearanceseanother
cause of the halo sign. Br J Radiol 2001;74(887):1052e5.
[61] Bezerra AS, D'Ippolito G, Caldana RP, Cecin AO, Ahmed M, Szejnfeld J.
Chronic hepatosplenic schistosomiasis mansoni: magnetic resonance
imaging and magnetic resonance angiography findings. Acta Radiol
2007;48(2):125e34.
[62] Willemsen UF, Pfluger T, Zoller WG, Kueffer G, Hahn K. MRI of he-
patic schistosomiasis mansoni. J Comput Assisted Tomogr
1995;19(5):811e3.
157V.K. Sah et al. / Radiology of Infectious Diseases 2 (2015) 150e157[63] Lambertucci JR, Silva LC, Andrade LM, de Queiroz LC, Pinto-Silva RA.
Magnetic resonance imaging and ultrasound in hepatosplenic schistoso-
miasis mansoni. Rev Soc Bras Med Trop 2004;37(4):333e7.
[64] Silva LC, Andrade LM, de Paula IB, de Queiroz LC, Antunes CM,
Lambertucci JR. Ultrasound and magnetic resonance imaging findings in
Schistosomiasis mansoni: expanded gallbladder fossa and fatty hilum
signs. Rev Soc Bras Med Trop 2012;45(4):500e4.
[65] Liu H, Lim CC, Feng X, Yao Z, Chen Y, Sun H, et al. MRI in cerebral
schistosomiasis: characteristic nodular enhancement in 33 patients. AJR
Am J Roentgenol 2008;191(2):582e8.
[66] Wan H, Masataka H, Lei T, Li M. Magnetic resonance imaging and
cerebrospinal fluid immunoassay in the diagnosis of cerebralschistosomiasis: experience in southwest China. Trans R Soc Trop Med
Hyg 2009;103(10):1059e61.
[67] Manzella A, Borba-Filho P, Brandt CT, Oliveira K. Brain magnetic
resonance imaging findings in young patients with hepatosplenic schis-
tosomiasis mansoni without overt symptoms. Am J Trop Med Hyg
2012;86(6):982e7.
[68] Masson C, Rey A, Ast G, Cambier J, Masson M. Schistosomiasis of the
spinal cord. Contribution of magnetic resonance imaging. Presse Medi-
cale 1990;19(26):1223e4.
[69] Saleem S, Belal AI, El-Ghandour NM. Spinal cord schistosomiasis: MR
imaging appearance with surgical and pathologic correlation. AJNR Am
J Neuroradiol 2005;26(7):1646e54.
